The electrophoretic mobility shift assay (EMSA) is a simple, fast and sensitive method for studying protein-DNA interactions (11, 12) . It is based on the observation that protein-DNA complexes migrate slower than unbound DNA fragments through native, low-ionic-strength polyacrylamide gels. The method won general recognition with the discovery that the addition of either heterogeneous (e.g., E. coli ) or homogeneous (e.g., poly(dI-dC)) competitor DNA to the binding reaction allows the detection of sequence-specific DNA-binding proteins in crude nuclear extracts. For the setup of such a binding reaction, many protocols (4,5) simply advise mixing labeled DNA fragment, protein extract, competitor DNA and buffer without referring to the order of addition. The order of addition of assay components, however, is crucial in avoiding artifact bands (6) . Here I show (i) that prominent nonspecific bands are observed if a pre-incubation of protein extract with competitor DNA is omitted and (ii)that these bands are still detectable when all components are mixed simultaneously. Their formation is (iii) independent of the DNA probe used and, most importantly, (iv)the nonspecific bands could be identified as complexes of the ubiquitously expressed Ku autoantigen (Ku) and DNA.
Ku consists of two tightly associated polypeptides (p70 and p86) and is the DNA targeting subunit of the DNA-dependent protein kinase (DNA-PK), which plays a central role in DNA double-strand break repair and V(D)J recombination (16, 21) . The first step in the binding of Ku is the recognition of a free DNA terminus with high affinity, which in a second step, enables the protein to move to internal positions of the DNA fragment by translocation (7) . Therefore, Ku binding can be envisioned as the threading of a protein pearl onto a string of DNA. Ku was first identified as an autoantigen in a patient with connective tissue disease, and its name was coined after the first two letters of this patients name (22). Later, homologous proteins were identified in the African Green monkey (24), in Drosophila melanogaster(only p70) (2, 17) and in Saccharomyces cerevisiae (3, 10) .
To demonstrate the importance of the order of addition of assay components for an EMSA, three different incubation schemes were used. (i)The protein extract was preincubated with buffer and nonspecific competitor DNA before the addition of a labeled DNA probe (P treatment); (ii) all assay components were spotted separately to the rim of a reaction tube and mixed by spinning at high speed for 5 s in a microcentrifuge (S treatment); or (iii) protein extract, buffer and labeled DNA probe were mixed, and approximately 3 s later competitor DNA is added (M treatment).
When HeLa nuclear extract (NE)
was pre-incubated with competitor DNA before the addition of a probe containing a high-affinity binding site for the transcription factor YY1 (P treatment), two complexes were observed ( Figure 1, 11) . Thus, the pre-incubation of protein extract with competitor DNA before the addition of labeled probe should be a mandatory step when setting up binding reactions for EMSAs and related techniques like footprinting assays. In addition to being a major determinant of the quality of EMSAs performed with crude nuclear extracts, Ku is already well known as a potential contaminant in protein purification schemes involving oligonucleotide affinity chromatography steps (18, 25) . Furthermore, it is known that Ku often displays apparent sequence specificity when, for instance, a promoter probe is compared to a "control" probe in an EMSA. This can easily be explained by a certain degree of sequence preference due to different association or translocation rate constants (specific vs. "control" probe). However, once Ku has bound, its complex with DNA, independent of the DNA sequence, is extremely stable (half-life of many days) and cannot be challenged by adding competing DNA fragments (7, 23, 24) . As a consequence, Ku was cloned and identified several times as a supposedly sequence-specific DNA-binding protein and, hence, was awarded many different names: TREF1/TREF2 (26), PSE1 (19) , Ku-2 (20), EBP-80 (9) and CTCBF (13) . In case of PSE1, reported as recognizing the proximal sequence element of RNA polymerase III-dependent snRNA genes, another protein factor [proximal sequence element-binding protein (PBP)] was implicated in specific recognition of the same DNA motif (28). This was shown later to be a multisubunit complex [proximal sequence element-binding transcription factor (PTF)] composed of four polypeptides with apparent molecular masses of 180, 55, 45 and 44 kDa (30), none of which are related to the two Ku subunits. In all cases mentioned above, binding specificity was not extensively tested. It is generally accepted that the demonstration of a discrete DNaseI footprint with the protein fraction in question is one stringency criterion for specific binding to DNA. Yet the presence of a truely sequence-specific DNA-binding protein within such a fraction, which could also bind to a site on the DNA probe used would prevent Ku from sliding along the DNA, thereby stalling it in a defined position. This is also known to occur when the DNA fragment is fully loaded with Ku (7). Therefore, in a recent study showing that Ku specifically recognizes the negative regulatory element (NRE) of the MMTV promoter (14) , the authors used an extensive array of experiments to confirm their initial finding. These included (i) DNaseI footprinting, (ii) an assay demonstrating specific binding of Ku exclusively to covalently closed minicircles containing the NRE motif and(iii) an assay demonstrating NREdependent phosphorylation of glucocorticoid receptor and GST-Oct-1 by DNA-PK. In conclusion, the Ku autoantigen often is a liaison dangereuse , be (a)ware of Ku!
